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Abstrat
We alulate the oblique eletroweak orretions and onfront them with the
experiments in a omposite Higgs version of the standard model. A vetor-like
weak doublet and a singlet fermion are added to the standard model without
elementary Higgs. Due to quarti oupling there is a mixing between the ompo-
nents of the new elds triggering eletroweak symmetry breaking. The Peskin-
Takeuhi S and T eletroweak parameters are presented. The new setor of
vetor-like fermions is slightly onstrained, T gives an upper bound on the mix-
ing angle of the new fermions, whih is already onstrained by self-onsistent
gap-equations. S gives no onstraints on the masses. This extension an give
a positive ontribution to T , allowing for a heavy Higgs boson in eletroweak
preision tests of the Standard Model.
1 Introdution
There are strong indiations and expetations that the LHC will reveal the physis of
eletroweak symmetry breaking. The Eletroweak Preision Tests (EWPT) in the stan-
dard model favour a light Higgs (mH below appr. 200 GeV), but the UV sensitivity of
the Higgs mass motivates the study of alternative models. The original tehniolor idea
[1, 2℄ of fermion ondensation is already thirty years old, but it still gives motivation
for new researh, see a reent review [3℄, Chivukula et al. in [4℄ and referenes therein.
To provide fermion masses extended tehniolor gauge interations (ETC) [5, 6℄ must
be inluded. The tension between sizeable quark masses and avoiding avour hang-
ing neutral urrents led to introdue walking, near onformal dynamis [7, 8℄. These
ideas and the phase diagram of strongly interating models triggered ativity in lattie
studies [9℄, and further new tehniolor models were onstruted based on adjoint or
two index symmetri representations of the new fermions [10℄. Inspired by disretized
higher dimensional theories "Little Higgs" [11℄ models provide a new lass of omposite
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Higgs models. Higgsless models [12℄ do not utilize a salar Higgs boson, but using the
AdS/CFT orrespondene these are extra dimensional "duals" of walking tehniolor
theories.
Viable models of Eletroweak Symmetry Breaking must fulll the EWPT. The
original tehniolor theories with QCD-like dynamis gave large ontribution to the
S parameter [13℄. New tehniolor theories an also provide very low S parameter
in ase of one hiral tehni-fermion and walking, near onformal dynamis. One an
overome the diulties with the S parameter using fermions in vetor representation.
In a reently proposed dynamial symmetry breaking model vetor-like fermions of
dierent SUL(2) representation (singlet and doublet) mix due to ondensation [14℄.
Mixing is essential in the model. Vetor-like extension of the standard model is widely
studied in the literature. They naturally appear in extra dimensional models with
bulk fermions e.g [15℄, in little Higgs theories [11℄, in models of so alled improved
naturalness onsistent with a heavy Higgs salar [16℄ and in simple fermioni models of
dark matter [17, 18, 19℄. There are known results for preision eletroweak parameters
for extra vetor-like quarks [20, 21, 22, 23℄, but here the mixing of the fermions is a new
phenomenon. In this paper we alulate the Peskin-Takeuhi S and T parameters in
the reently proposed fermion ondensate model based on vetor-like fermions, taking
into aount the non-trivial mixing and the solution of the gap equation with a uto.
2 Fermion Condensate Model
In a reent paper [14℄ self-interating vetor-like fermions were introdued in the stan-
dard model instead of an elementary standard salar Higgs. The new olourless
fermions are an extra neutral weak SU(2) singlet ΨS (T = Y = 0) and a doublet
ΨD =
(
Ψ+D
Ψ0D
)
with hyperharge 1. New fermions like these are often dubbed leptons,
beause they do not partiipate in strong interations. A model with similar fermion
ontent were studied by Maekawa [24℄. There is a new Z2 symmetry ating only on the
new fermions, whih protets them from mixings with the standard model quarks and
leptons. The lightest new fermion is stable therefore it is an ideal weakly interating
dark matter andidate.
The new fermions have the following kineti terms, Dira mass terms and quarti
self-interations
LΨ = iΨDDµγ
µΨD + iΨS∂µγ
µΨS −m0DΨDΨD −m0SΨSΨS +
+λ1
(
ΨDΨD
)2
+ λ2
(
ΨSΨS
)2
+ 2λ3
(
ΨDΨD
) (
ΨSΨS
)
. (1)
Dµ is the ovariant derivative
Dµ = ∂µ − ig
2
τ W µ − i
g′
2
Bµ, (2)
where W µ,Bµ and g, g
′
are the standard weak gauge boson elds and ouplings, re-
spetively. Equation (1) desribes non-renormalizable eetive interations. It is a low
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energy model valid up to a uto Λ ≃ 4πv ≃ 3 TeV. It was shown in ref. [27℄ that if
the λ3 quarti oupling exeeds a ritial value then the four-fermion interations in
(1) generate bilinear fermion ondensates〈
Ψ
0
DαΨ
0
Dβ
〉
0
= a1δαβ , (3)〈
Ψ
+
DαΨ
+
Dβ
〉
0
= a+δαβ , (4)〈
ΨSαΨSβ
〉
0
= a2δαβ , (5)〈
ΨSΨD
〉
0
=
〈(
ΨSΨ
+
D
ΨSΨ
0
D
)〉
0
6= 0. (6)
The non-diagonal ondensate in (6) spontaneously breaks the SUL(2) × UY (1) ele-
troweak symmetry to Uem(1). With the gauge transformations of ΨD the ondensate
(6) an always be transformed into a real lower omponent,〈
ΨSαΨ
0
Dβ
〉
0
= a3δαβ ,
〈
ΨSαΨ
+
Dβ
〉
0
= 0, (7)
where a3 is real. The omposite operator ΨSΨD resembles the standard salar doublet.
The mixed ondensate of ΨSΨD generates masses for the the standard fermions via
the following four-fermion interations:
Lf = gf
(
Ψ
f
LΨ
f
R
) (
ΨSΨD
)
+ gf
(
Ψ
f
RΨ
f
L
) (
ΨDΨS
)
. (8)
The neutrinos so far massless; they an get masses introduing right handed neutrinos,
similarly as in the original standard model. Here Lf generates masses for the leptons
(f=e, µ, τ) in the linearized, or mean-eld, approximation
mf = −4gfa3. (9)
The weak gauge bosons reeive their masses from the eetive low energy interations
of an auxiliary omposite salar Φ = ΨSΨD [14℄. The new symmetry breaking setor
possesses a global O(4) symmetry. After eletroweak symmetry breaking there is a
residual O(3)≃ SU(2) symmetry softly broken by the eletromagneti interations and
the mass dierene of the neutral and harged fermions [27℄. This ustodial SU(2)
ensures that ρ
tree
= 1 and it reeives small orretions at one-loop level.
The dynamial ondensates (3-5) ontribute to the mass terms of the new fermions
in the Lagrangian (1). The mixed ondensate (7) generates mixing between the new
fermions in the linearized approximation:
Lψ → −m+Ψ+DΨ+D −m1Ψ0DΨ0D −m2ΨSΨS −m3
(
Ψ0DΨS +ΨSΨ
0
D
)
, (10)
where
m+ = m0D − 6λ1a+ − 8 (λ1a1 + λ3a2) = m1 + 2λ1 (a+ − a1) (11)
m1 = m0D − 6λ1a1 − 8 (λ1a+ + λ3a2) , (12)
m2 = m0S − 6λ2a2 − 8λ3 (a1 + a+) , (13)
m3 = 2λ3a3. (14)
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Ifm3 does not vanish (10) is diagonalized via unitary transformation to get physial
mass eigenstates
Ψ1 = cΨ
0
D + sΨS,
Ψ2 = −sΨ0D + cΨS, (15)
where c = cos φ and s = sin φ, φ is the mixing angle. The masses of the physial
fermions Ψ1, Ψ2 are
2M1,2 = m1 +m2 ± m1 −m2
cos 2φ
. (16)
The mixing angle is dened by
2m3 = (m1 −m2) tan 2φ. (17)
The original masses in terms of the physial masses are m1 = c
2M1 + s
2M2 and
m2 = s
2M1 + c
2M2
The physial eigenstates themselves form ondensates, but the diagonalization elim-
inated the mixed one:
c2
〈
Ψ1αΨ1β
〉
0
+ s2
〈
Ψ2αΨ2β
〉
0
= a1δαβ , (18)
s2
〈
Ψ1αΨ1β
〉
0
+ c2
〈
Ψ2αΨ2β
〉
0
= a2δαβ , (19)
cs
〈
Ψ1αΨ1β
〉
0
− cs 〈Ψ2αΨ2β〉0 = a3δαβ . (20)
The equations (11-14) an be formulated as gap equations [27℄ in terms of the
physial elds expressing both the masses and the ondensates with Ψ1, Ψ2 and Ψ+ ≡
Ψ+D. Assuming vanishing original lagrangian masses, m0S = 0, m0D = 0, the omplete
set of gap equations are
c · s (M1 −M2) = 2λ3 c · s (I1 − I2) , (21)
c2M1 + s
2M2 = −λ1
(
6
(
c2I1 + s
2I2
)
+ 8I+
)− 8λ3 (s2I1 + c2I2) , (22)
s2M1 + c
2M2 = −6λ2
(
s2I1 + c
2I2
)− 8λ3 (c2I1 + s2I2 + I+) , (23)
M+ = −λ1
(
8
(
c2I1 + s
2I2
)
+ 6I+
)− 8λ3 (s2I1 + c2I2) . (24)
Where Ii (i=1,2,+ ) are dened from the ondensates. Approximating them by free
eld propagators
〈
ΨiαΨiβ
〉
=
δαβ
4
Ii = − δαβ
8π2
Mi
(
Λ2 −M2i ln
(
1 +
Λ2
M2i
))
, i = 1, 2,+, (25)
where M+ = m+. Here Λ is a four-dimensional physial uto, it sets the sale of the
new physis responsible for the non-renormalizable operators. Λ is expeted to be a
loop fator higher than the sale of weak interations, whose quanta (W±, Z) get their
masses from the model, Λ ≃ 4πv ≃ 3 TeV.
There are four equation (21-24) and four parameters,M1, M2, M+, cosφ. Equation
(21) has the form of a usual gap equation in terms of the mass dierene M2 −M1.
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The gap equations always have a symmetri solution with vanishing masses or mass
dierene in (21), as generally Ii ∼ Mi. If λ3 is negative and if |λ3| exeeds a ritial
value, π2/Λ2 then there is a further, energetially favoured [28℄ symmetry breaking
solution (M1 6= M2). In this ase the non-diagonal a3 ondensate is formed, whih
triggers mixing between dierent representations of the weak gauge group; the ele-
troweak symmetry is broken dynamially. For λ3 < −π2/Λ2 and λ3 lose to it's ritial
value the mass dierene |M1 −M2| is muh smaller than the uto Λ. For λ3 above
the ritial value (M1 −M2)c · s = 0. In this ase the physially relevant solution is
c · s = 0, there is no meaningful mixing, the eletroweak symmetry is not broken.
For physial values of the mixing angle 0 ≤ c2 ≤ 1 we get from the equations
(21-24)
M1 ≤ M+ ≤M2. (26)
There is also a ritial value for λ1,2. Considering the limit M+ → M2 = M and
M1 → 0 we nd for the massive solution
λ1 =
1
7
π2
Λ2 −M2 ln (1 + Λ2
M2
) , λ2 = 4
3
π2
Λ2 −M2 ln (1 + Λ2
M2
) . (27)
Equation (27) provides massive solutions if λ1 ≥ 17 π
2
Λ2
and λ2 ≥ 43 π
2
Λ2
. It is remarkable
that the small mass solutions are found not in the neighbourhood of the ritial values,
but for λ1 ∼ 57 π
2
Λ2
and λ2 ∼ 3 π2Λ2 . To get small mass dierene λ3 must be relatively
lose to it's ritial value.
As the four-fermion interations are non-renormalizable the values of the oupling
onstants are onstrained by perturbative unitarity, too [29, 30℄. Consider the am-
plitudes of two partile elasti sattering proesses (of the new fermions) and impose
|ℜa0| ≤ 1/2 for the J = 0 partial wave amplitudes. The ontat graph gives the dom-
inant ontribution, negleting the fermion masses for the Ψ
(+)
D Ψ
(−)
D sattering gives an
upper bound on λ1 oupling. The detailed analysis gives the same upper bound [27℄
|λi| s ≤ 8π , i = 1, 2, 3, (28)
where s is the maximal enter of mass energy of a given proess majored by the general
uto Λ.
The numerial solutions of the gap equations taking into aount perturbative uni-
tarity give a window for the masses. The solution with degenerate masses (M1 =
M+ = M2) goes with λ2 above the unitarity bound, it is not allowed. Generally the
masses onstrained most severely by the unitarity of the oupling λ2. For Λ = 3 TeV
the lighter neutral fermion (we an hoose it to be Ψ1) must be fairly light M1 < 240
GeV. The allowed M1, M2 masses and the maximum value of c
2
is shown in Figure 1.
The harged fermion mass must be relatively lose to the mass of the heavier neutral
one. The mixing angle φ is relatively lose to cos φ ∼ 0, the mixing is weak, see the
urve on the right in Figure 2. Ψ2 is mostly omposed of Ψ
0
D and there is only a small
mass splitting in the doublet ΨD after symmetry breaking.
The ollider phenomenology and radiative orretions in the model are oming from
the doublet kineti term in (1) taking into aount the mixing (15)
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Figure 1: The maximum value of the osine
2
of the mixing angle on the M1, M2 plane
from the gap equation and unitarity. c2 an be higher inside the urves.
LI = Ψ+Dγ
µΨ+D
(
g′
2
Bµ +
g
2
W3µ
)
+
+
(
c2Ψ1γ
µΨ1 + s
2Ψ2γ
µΨ2 − sc
(
Ψ1γ
µΨ2 +Ψ2γ
µΨ1
))(g′
2
Bµ − g
2
W3µ
)
+
+
[
g√
2
W+µ
(
cΨ+Dγ
µΨ1 − sΨ+DγµΨ2
)
+ h.c.
]
. (29)
We will explore the onsequenes of these interations in the deay of the Z boson and
the preision eletroweak test of the standard model.
2.1 New fermions onstrained from the Z deay
The proposed new fermions ould not be seen in the high energy experiments so far,
beause of their large masses and/or small ouplings to ordinary partiles. The mixing
in the doublet redues the oupling to the gauge bosons, but the new harged fermion
is not aeted. From the LEP1 and LEP2 measurements there is lower bound for
the mass of a heavy harged lepton, valid here M+ > 100 GeV [4℄. For the neutral
omponent of the doublet (without mixing) there are smaller lower bounds; without
further assumptionsM2 > 45 GeV. Using the relation (26) M2 is at least 100 GeV with
or without mixing. The mixing generates small, but non-vanishing oupling between
the Z boson and the new lighter neutral fermion (e.g. the remnant of the singlet, it
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Figure 2: The maximum value of the osine
2
of the mixing angle vs. the lighter neutral
mass M1. The right (blue urve) is derived from the gap equation and unitarity. The
upper left (red) urve is from the width of the Z boson.
has c2 part of a doublet.) Therefore if it is light enough it ontributes to the invisible
width of the Z boson
Γ(Z → Ψ¯1Ψ1) =
√
2GFM
3
Z
6π
(
c4
4
)√
1− 4M
2
1
M2Z
. (30)
The Z width is experimentally known at high preision and the pull fator is rather
small
Γ(Z) = (2.4952± 0.0023)GeV. (31)
We estimate the maximum possible room for new physis as 3σ in the experimental Z
width, ΓnewZ <7MeV. In [31℄ the minimum value of Γ
theory
Z (at maximum sin
2 θW and
minimum M2Z and αS) was ompared to the maximal experimental value, and gave a
similar 3σ window for new physis. We see that M1 masses well below MZ/2 are still
allowed for rather small mixing, see the (red) urve on the left in Figure 2.
3 Eletroweak preision parameters
The new fermions have diret interations with the standard fermions (8) and gauge
bosons (29). The four-fermion ouplings of the new partiles to the light fermions
are weak; weaker than the orresponding ones in the standard model [14℄. The new
ouplings to the gauge bosons are the gauge ouplings suppressed only by the O(1)
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mixing fators. Therefore the ouplings to the light fermions whih partiipate in the
preision experiments, are suppressed ompared to the ouplings to the gauge bosons.
The new fermions thus mainly ouple to the gauge boson self energies in the preision
experiments. In most of the solutions of the gap equation [27℄ M+,M2 ≫ MZ and
expeting further M1 > MZ we an give a good estimate of the eets of new physis
in terms of the general S, T and U parameters introdued by Peskin and Takeuhi [13℄.
We get a rough estimate of the loop eets if the mass of the lighter neutral fermion
is not far above the Z mass.
The two relevant parameters, S and T dened via the gauge boson self energies
α(MZ) T =
ΠnewWW (0)
M2W
− Π
new
ZZ (0)
M2Z
, (32)
α(MZ)
4s2W c
2
W
S =
ΠnewZZ (M
2
Z)− ΠnewZZ (0)
M2Z
− c
2
W − s2W
cWsW
ΠnewZγ (M
2
Z)
M2Z
− Π
new
γγ (M
2
Z)
M2Z
, (33)
where s2W = sin
2 θW (MZ) and c
2
W = cos
2 θW (MZ) are sin
2
(cos2) of the weak mixing
angle. The U parameter is suppressed by an extra fator of the weak gauge boson
masses, in most of the appliation U ≃ 0 and absent from newer parameterizations
[25℄. A more pratial denition is based on the original SUL(2) and UY (1) boson
vauum polarizations:
α(MZ)T =
1
M2W
(Πnew33 (0)− Πnew11 (0)) , (34)
α(MZ)
4s2W c
2
W
S = Π′ new3Y (0). (35)
The Π funtions are dened from the transverse gauge boson vauum polarization
amplitudes expanded around zero Πab(q
2) ≃ Πab(0) + q2Π′ab(0) + 1/2 · q2Π′′ab(0) + ...,
(a,b = 1,3,Y).
The experimental data determines S and T (without xing U = 0)
S = −0.10± 0.10 (−0.08), (36)
T = −0.08± 0.11 (+0.09), (37)
where the entral value assumes MH = 117 GeV and in parentheses the dierene is
shown for MH = 300 GeV. In our model the Higgs mass of the t is understood as the
ontribution of a omposite Higgs partile with the given mass.
The ontributions of the new setor to the gauge boson vauum polarizations are
fermion loops with generally two non-degenerate masses ma and mb. In the low
energy eetive model we have preformed the alulation with a 4-dimensional mo-
mentum uto Λ. The oupling onstants are dened in the usual manner LI ∼
VµΨ¯ (gV γ
µ + gAγ5γ
µ) Ψ
Π(q2) =
1
4π2
(
g2V Π˜V + g
2
A Π˜A
)
. (38)
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The eletroweak parameters depend on the values and derivatives of the Π funtions
at q2 = 0
Π˜V (0) =
1
4
(m2a +m
2
b)−
1
2
(ma −mb)2 ln
(
Λ2
mamb
)
− (39)
−m
4
a +m
4
b − 2mamb (m2a +m2b)
4 (m2a −m2b)
ln
(
m2b
m2a
)
.
The rst derivative is
Π˜′V (0) = −
2
9
− 4m
2
am
2
b − 3mamb (m2a +m2b)
6 (m2a −m2b)2
+
1
3
ln
(
Λ2
mamb
)
+ (40)
+
(m2a +m
2
b) (m
4
a − 4m2am2b +m4b) + 6m3am3b
6 (m2a −m2b)3
ln
(
m2b
m2a
)
.
For ompleteness we give the seond derivative, too. It an be used to alulate further
preision parameters e.g. extra two parameters introdued by Barbieri et al. [25, 26℄.
Π˜′′V (0) =
(m2a +m
2
b) (m
4
a − 8m2am2b +m4b)
8 (m2a −m2b)4
+
mamb (m
4
a + 10m
2
am
2
b +m
4
b)
6 (m2a −m2b)4
− (41)
−m
3
am
3
b (3mamb − 2m2a − 2m2b)
2 (m2a −m2b)5
ln
(
m2b
m2a
)
. (42)
We get the funtions for axial vetor oupling by ipping exatly one of the masses in
the previous results (ma → ma and mb → −mb). The method of our alulation has
nie properties: it has no quadrati divergene as expeted; it fullls gauge invariane
in two aspets, ΠV (ma, ma, 0) = 0 and the omplete Π funtion is transverse, the
oeients of the gµν and −pµpν/p2 parts are equal.
The values of the vauum polarizations for idential masses (mb = ma) are smooth
limits and agree with diret alulation.
Π˜V(0) = 0, Π˜
′
V(0) = −
1
3
+
1
3
ln
(
Λ2
m2a
)
, Π˜′′V(0) =
2
15
1
m2a
. (43)
The S parameter is then given by (for the sake of simpliity the index V is omitted)
S =
1
π
(
+Π˜′(M+,M+, 0)− c4Π˜′(M1,M1, 0)− s4Π˜′(M2,M2, 0)− 2s2c2Π˜′(M2,M1, 0)
)
.
(44)
The rst three terms anel the divergent ontribution of the last one.
The T parameter related to ∆ρ is
T =
1
4πs2WM
2
W
[
+Π˜(M+,M+, 0) + c
4Π˜(M1,M1, 0) + s
4Π˜(M2,M2, 0)+
+2s2c2Π˜(M2,M1, 0)− 2c2Π˜(M+,M1, 0)− 2s2Π˜(M+,M2, 0)
]
. (45)
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Figure 3: The maximum value of the S parameter vs. M2 forM1 = 120, 160, 210 GeV.
The 95 % C.L. bounds [-0.296, 0.096℄ are outside the gure.
4 Numerial results
There are 3 free parameter in the model to onfront with experiment. These an be
hosen the three dimensionful four-fermion ouplings λ1, 2, 3, or more pratially the
two physial neutral masses M1, M2 and the mixing angle, c
2 = cos2 φ. For the uto
Λ ≃ 3 TeV there is a maximum value for the masses, M1 ≤ 240 GeV and for c2 as a
funtion of M1, see Figure 1. The mass of the harged fermion is given by the solution
of the gap equations, the value of M+ is lose to, but not equal to c
2M1 + s
2M2.
If there is no real mixing c2 = 0; or ifM1 = M2 = M+, then there is one degenerate
vetor-like fermion doublet and a deoupled singlet, and S and T vanish expliitely.
In this ase the new setor does not violate SUL(2) and there is an exat ustodial
symmetry. Inreasing the mass dierene in the remnants of the original doublet by
inreasing the |M1 −M2| mass dierene and/or moving away from the non-mixing
ase c2 = 0, results in inreasing S and T . For small violation of the symmetries S and
T are expeted to be small. In ase of relatively small masses the oblique parameters
are understood as rough estimates, but still in agreement with experiment.
Generally the S parameter depends only on the masses of the new partiles and the
mixing angle. For the solutions of the gap equations fullling perturbative unitarity
the S parameter is always positive and far below the 95 % C.L. For a given M1, M2 S
inreases with inreasing c2 and maximal for the highest c2. This maximum value of
the S parameter is plotted against M2 for three given M1 in Figure 2. The small value
of S does not onstrain the parameters of the model.
The value of the T parameter is always positive. The T parameter (45) sensitive to
the dierenes and ratios of the masses M1, 2,+. T still varies for a given (M1,M2) pair
depending on M+ or equally on c
2
; T is maximal for largest mass dierene, for the
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Figure 4: Constraints on the (M1,M2) plane. The solution of the gap equations
respeting perturbative unitarity are inside the outer urve. The inner urve shows
the region, where the T parameter gives the maximum value of c2 at 95 % C.L.. Below
the 0.1 (blue) and 0.2 (green) line c2 an exeed 0.1 and 0.2. The right panel shows
the maximum value of T vs. (M1,M2).
largest c2 allowed by the gap equations and perturbative unitarity. The T parameter
an always be in agreement with experiment for any (M1,M2) pair for small mixing,
for c2 = 0 the T parameter vanishes identially. We plotted the worst ase in the
(M1,M2) plane, the possible maximum value of the T parameter; it is given by the
maximum M2 −M+ mass dierene or equally for maximal c2.
If the Higgs is heavy, e.g. MH = 300 GeV (36, 37) the entral value of S dereases
and T inreases ompared to the light Higgs ase. The S parameter still in agreement
with the preditions of the model. Inrasing the Higss mass the Standard Model moves
away in the (S,T) plane from the experimentally allowed ellipse, see [32℄. The negative
ontribution (−.09) of the heavy Higgs to the T parameter an be ompensated by
the positive T ontribution of the new fermions with onsiderable mass dierene. For
example (160, 800) GeV and the largest mixing c2 ∼ 0.115 allowed by the gap equations
and unitarity gives ∆T ≃ 0.1. Even heavier Higgs boson an be ompensated as an
be read o from Figure 4. Non-degenerate vetor-like fermions with reasonable mixing
allow a spae for heavy Higgs in the preision tests of the Standard Model.
5 Conlusions
We have alulated the oblique orretions in an extension of the Standard Model based
on vetor-like weak singlet and doublet fermions. Due to non-diagonal ondensate (7)
symmetry breaking mixing ours between the singlet and the neutral omponent of
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the doublet. The oblique orretions were presented in the Peskin-Takeuhi formalism
[13℄. The orretions depend on the masses of the new fermions (M1,2) and the mixing
angle. The S parameter is always in agreement with experiment at 95 % C.L. even for
heavier Higgs mass. The T parameter measures the ustodial symmetry breaking, the
ustodial symmetry is exat in the new setor if there is no physial mixing: c2 = 0
or M1 = M2. The gap equations and perturbative unitarity already onstrains the
mass range and the mixing of the model for a given uto. For Λ = 3 TeV the lighter
neutral mass must be smaller than approximately 240 GeV and the osine of the
mixing angle is bounded above. The T parameter further onstrains c2 for relatively
small masses (M1 < 150 GeV), but there is always a small enough c
2
, whih produes
small T parameter. This modiation of of the standard model niely aommodates
a omposite heavy Higgs in the preision eletroweak test of the standard model. The
lightest new fermion is stable and a good dark matter andidate. The model an be
tested at LHC in the Drell-Yan proess [14℄ or via jetmass analysis [33℄.
A Regularization with momentum uto
There are low energy theories, like the Fermion Condensate Model, whih have an
intrinsi uto, i.e. the upper bound of the model. The naive alulation of divergent
Feynman graphs with a momentum uto is thought to break ontinuous symmetries
of the model. In this ase the gauge invariane of the two point funtion with two
dierent fermion masses in the loops an be reonstruted by subtrations leading
to nite ambiguity. To avoid these problems we used dimensional regularization in
d = 4 − 2ǫ and identied the poles at d = 2 with quadrati divergenies while the
poles at d = 4 with logarithmi divergenies [34℄. Carefully alulating the one and
two point Passarino-Veltman funtions in the two shemes the divergenies are the
following in the momentum uto regularization
4πµ2
(
1
ǫ− 1 + 1
)
= Λ2, (46)
1
ǫ
− γE + ln
(
4πµ2
)
+ 1 = lnΛ2, (47)
where µ is the masssale of dimensional regularization. The nite part of a divergent
quantity is dened by
ffinite = lim
ǫ→0
[
f(ǫ)−R(1)
(
1
ǫ− 1 + 1
)
− R(0)
(
1
ǫ
− γE + ln 4π + 1
)]
, (48)
where R(1), R(0) are the residues of the poles at ǫ = 1, 0 respetively.
We have found that ontrary to the expetations the ambiguity of the uto reg-
ularization sheme is oming from the replaement of lµlν → gµνl2/4 and not from
shifting the loop-momentum (l) [35℄.
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